Background: In ST-elevation myocardial infarction (STEMI), prehospital delay is a significant factor, decreasing likelihood of revascularization and increasing mortality. Prehospital delays are substantive in Indian patients with STEMI. Our study aimed to investigate factors associated with prehospital delay in patients with STEMI. Methods: A multicentric prospective analysis was conducted at five major cardiac care referral centers in Punjab including a tertiary care teaching hospital over a period of 1 year from January 2015 to December 2015. Patients presenting with STEMI were included in the study. A structured questionnaire was used to gather patient characteristics and factors responsible for prehospital delay. Results: Of the 619 patients included in the study, 42% presented with more than 6 h of prehospital delay. On univariate analysis, delay was significantly higher among elderly (p ¼ 0.01), illiterate patients (p ¼ 0.02), and patients residing in rural areas (p ¼ 0.04). Recognizing symptoms as cardiac in origin (p < 0.001), hospital as initial medical contact, and availability of prehospital electrocardiogram (ECG) (p ¼ 0.001) were associated with shorter delays. On multivariate analysis, prehospital delay was significant in elderly patients, initial point of care as outpatient clinic, and patients without access to prehospital ECG. Conclusion: Our study concludes that demographic and socioeconomic barriers exist that impede rapid care seeking and highlights the need for utilization of prehospital ECG to decrease prehospital delay. Possibilities include, educating the public on the importance of early emergency medical services contact or creating emergency stations in rural areas with ECG capabilities. Our study also invites further research, regarding role of telemedicine to triage patients derived from prehospital ECGs to decrease prehospital delay.
Introduction
Cardiovascular diseases are a major cause of morbidity and mortality globally, with an estimated 17.7 million deaths in 2015, representing 31% of the total global deaths. 1 India has one of the highest burden of acute coronary syndrome in the world 2 constituting approximately 60% of the world's heart disease. Among the Indian population, outcomes in patients with ST-elevation myocardial infarction (STEMI) demonstrate higher in-hospital mortality. A significant contributory factor for this is the unacceptably high prehospital delay, consistently seen in Indian patients. 3, 4 This results in several patients unable to receive timely life-saving revascularization therapy and a reduced efficacy of revascularization among those who receive it.
Potential periods of delays in treatment of STEMI for patients include symptom onset to initial point of care; initial point of care to hospital arrival delays, and in-hospital management delays including obtaining a diagnostic electrocardiogram (ECG) and administering reperfusion therapy (Fig. 1) .
Few studies in developing countries have identified factors that might play a significant role in prehospital delay. 5e8 A greater understanding of the contributing factors may be a key element in designing simple and economical strategies to enable faster access to revascularization in patients, thereby improving their prognosis. Our study was, thus, conducted to determine factors delaying interval to hospital presentation in patients with STEMI.
Materials and methods
A multicentric prospective analysis was conducted over a period of 1 year (January 2015 to December 2015) at five major primary reperfusion-capable cardiac care referral centers in Punjab, including a tertiary care teaching hospital.
This study included patients with STEMI if they met any two of the following three criteria: (1) typical symptoms of STEMI; (2) ECG findings compatible with STEMI; (3) elevated cardiac markers. Patients without recall of exact time of symptom onset or with any psychiatric, cognitive or communication problems were excluded from the study.
Prehospital delay was defined as the time elapsed from symptom onset to arrival at a reperfusion-capable hospital on the basis of which patients were categorized into two groups: group I, delay <6 h and group II, delay >6 h. These time periods were chosen considering the predominant uses of fibrinolytic therapy in developing countries, 4 and given its greatest benefit within 1 h of symptom onset, with a sharp drop off after 6 h and almost no benefit after 12 h of symptom onset. 9e11 After an informed consent, a questionnaire was administered, which contained information about various demographic factors, educational background, socioeconomic status, type of nearest medical facility, availability of prehospital ECG and medical aid, health history of the patient, and the time from symptom onset to hospital arrival. Socioeconomic status was categorized using the Modified Kuppuswamy scale. The questionnaire was designed and tested for reliability and validity. Pilot testing of the questionnaire was carried out on a small number of patients not included in the study.
Subsequently, univariate and multivariate analysis was performed on collected data using Statistical Package for the Social Sciences (IBM SPSS Statistics for Windows, version 21.0, IBM Corp., Armonk, NY), and various factors leading to prehospital delay were identified. Multivariate analysis was performed using binary logistic regression on variables significant on univariate analysis. A pvalue of <0.05 was considered significant when comparing the effect of variables on prehospital delay.
Results
A total of 619 patients with acute STEMI met our study criteria and were included in the study, of which 58% of the patients presented within 6 h to the hospital, whereas 42% of the patients presented after 6 h. Of the 619 patients, 487 patients (78.6%) were males and 132 patients (21.3%) were females. The patient population covered patients both from urban and rural areas with a majority from the urban areas (67%).
In our study, on comparing prehospital time with various variables (Table 1) , we found that prehospital delay was significant in the elderly population (p ¼ 0.01), rural population (p ¼ 0.014) and illiterate population (p ¼ 0.005). No significant prehospital delay was seen associated with patient gender, patient socioeconomic status, patient's family type, or the availability of health insurance.
The most common chief complaint in the presenting patients was chest pain (91.1%); however, only 62.7% of the patients perceived it as a cardiac symptom with others perceiving it to be from a noncardiac source most commonly gastrointestinal or musculoskeletal pain. Recognizing symptoms as cardiac in origin resulted in decreased prehospital delay (p < 0.001), whereas perceiving symptoms as gastrointestinal or musculoskeletal resulted in a significant prehospital delay (p < 0.001 and p ¼ 0.01).
Seventy percent of the patients had symptom onset between 6 am and 6 pm and had a marginally significant delay in reaching the hospital as compared to 30% of the patients having symptom onset between 6 pm and 6 am (p ¼ 0.050). The most common comorbidities present were diabetes (33.7%) and hypertension (34.6%). Patients with diabetes had a decreased prehospital delay (p ¼ 0.047), whereas no significant association was seen between other comorbidities and prehospital delay.
Nearest medical aid available to most of the patients was either a hospital (nonreperfusion capable) (54.8%) or an outpatient clinic (45.2%). Significant prehospital delay was observed if the patients' point of initial medical contact was an outpatient clinic as compared to a hospital (nonreperfusion capable). Availability of a nearby nonreperfusion capable hospital significantly decreased prehospital delay and enabled patients to report earlier to hospitals equipped with primary reperfusion capabilities (p ¼ 0.015).
On assessing prehospital delay with distance to initial medical care, no statistically significant difference was seen. Although ambulance awareness was present in 96% of patients, ambulance services were used by only 5.3% of patients.
ECG availability and utilization, when analyzed with the point of initial medical contact, demonstrated that ECG availability was predominantly seen in 96.4% of hospitals (nonreperfusion capable), whereas only 83% of outpatient facilities had this capability. Availability and utilization of ECG at initial medical contact (prehospital ECG) resulted in a significant decrease in prehospital delay (p ¼ 0.001) ( Table 1) . On multivariate analysis, factors that significantly increased prehospital delay included age group >60 years, initial medical contact of an outpatient clinic, and nonavailability of ECG at initial medical contact ( Table 2) .
On analyzing ECG utilization with early reperfusion therapy, it was seen that in cases where prehospital ECG was performed, approximately 80.7% of the patients received early reperfusion therapy, whereas cases where prehospital ECG was not performed, only 63.3% of the patients received early reperfusion therapy (p ¼ 0.026) ( Fig. 2 ).
Discussion
In our study, age more than 60 years, rural residence, illiteracy, symptom misperception, outpatient clinic as initial point of contact, and nonutilization of prehospital ECG led to a significant prehospital delay of more than 6 h in patients with STEMI.
Our findings are consistent with other published reports showing increased prehospital delay in elderly compared with younger population, 12, 13 reasons for which may include limited access to and use of medical care, failure to recognize symptoms of STEMI that may be more nonspecific in this age group, lack of access to transport, or emergency medical services (EMS) to the hospital. Similar studies have also shown that prehospital delay was significantly more in females as compared to male counterparts attributing the difference to greater frequency nonspecific symptoms in females and socioeconomic barriers. 13, 14 Our study failed to show any significant difference in prehospital delay when comparing male patients with female patients.
A significant difference in hospital reporting time was also seen among patients residing in urban population compared with their rural counterparts and literate population compared to illiterate populations. These two factors were also seen in univariate analysis in our study; however, they were not significant in multivariate analysis. Various factors play a role in this difference including increased illiteracy rates in rural areas, decreased awareness of medical symptoms, lack of access to transportation, distant nearby medical aids, and nonavailability of standard treatment in remote health-care facilities.
In our study, no significant difference in prehospital delay was seen with patients' marital status, coresiding family members, or history of prior comorbidities. It is unclear why patients with a history of coronary artery disease fail to present earlier to the hospital given abundant counseling and education provided to them. Strangely enough, studies such as the Worcester study has reported that a history of MI may possibly be associated with prolonged prehospital delay. 15 In addition to sociodemographic factors, prehospital delay in STEMI is also influenced by factors such as recognition of signs and symptoms by the patients and ability to access emergency medical care. In the present study, although STEMI presented most commonly with chest pain, only 62.7% of the patients perceived it as a cardiac symptom, whereas 24% of our study population perceived it as gastritis and 6% perceived it to be a muscular pain. In our study, prehospital delay was significantly less when patients perceived their symptoms as cardiac related. Attributing the symptoms to noncardiac source such as gastrointestinal or muscular resulted in significant prehospital delay, an observation also supported by other similar studies. 6, 8 When comparing our observational data with similar studies performed in different regions of India, similar factors affecting prehospital delay have been established based on demographics (old age and rural background) and symptomatic profile of the patients with a general consensus that awareness about the typical symptoms of heart attack are necessary for the prevention of prehospital delay (Table 3) . A number of studies have sought to answer whether prehospital delays might be shortened by public education regarding symptoms of acute MI. A recent systematic review of 10 studies aiming to reduce prehospital delay times concluded that there was little evidence that public education interventions reduced prehospital delay. 16 Similarly, the REACT study carried out from 1995 to 1997 in 20 American cities concluded that although persons living in the target areas of the public information campaigns were demonstrably better informed about the subject afterward; however, the prehospital times in the target areas were not shortened significantly in comparison to control areas. 17 Despite contradicting evidence, population education might be a promising intervention in developing countries to reduce prehospital delay.
Other common variables elucidated by different Indian studies show that initial misdiagnosis, referral delay, and transport delay are important factors increasing prehospital delay (Table 3) . Emergent interventions are needed to reduce delay during this prehospital phase. Utilization of prehospital ECG is one of the major interventions which may help reduce this delay, by increasing physician confidence of STEMI diagnosis and guide diagnosis in cases of atypical symptoms with a possible link with telemedicine for early referral and patient transport.
One of the major findings in our study showed that. ECG utilization at initial medical contact resulted in a statistically significant decrease in prehospital delay (Tables 1 and 2 ) and significantly increased myocardial reperfusion therapy rates. In cases where prehospital ECG was carried out, 80.7% of the patients received early reperfusion therapy compared with 63.3% of the patients without prehospital ECG (Fig. 2) . ECG obtained before hospital arrival, leads to an early STEMI diagnosis eliminating the need for in-hospital ECG and increased hospital preparedness for a possible emergent reperfusion, thus resulting in markedly reduced time to reperfusion therapy.
In consensus with various studies 18 highlighting the importance of prehospital ECG, the American Heart Association national guidelines recommend that EMS acquire and use prehospital ECGs to evaluate patients with suspected acute coronary syndrome.
With significant evidence in favor of prehospital ECG, we present a significant opportunity to reduce prehospital delay in our country.
In our study, we observed that was that 25% of our study population had basic medical care facilities located farther than 10 km. Also in our study population, ambulance services were used in only 5.3% of patients, reflecting poor knowledge of the importance of early EMS contact. Thus, in support of our findings, we recommend efforts to increase both availability and use of prehospital ECG to reduce time to reperfusion in STEMI patients. Possibilities include equipping ambulance services with ECG or creating emergency stations in rural areas with ECG capabilities and educating the public on the importance of early EMS contact when the symptoms of MI are observed. The central challenge for health-care providers is not to simply perform a prehospital ECG but to use and integrate the diagnostic with systems of care. A hub-and-spoke model similar to the system of care in the TN-STEMI program, 19 relying on an integrated health-care network based on clusters of primary healthcare clinics and small hospitals built around large tertiary care facilities can be followed, which has successfully demonstrated significant reduction in prehospital delay by reducing time to first medical contact (FMC), FMC to ECG time, and total ischemic time. 20 In our study, prehospital times were delayed in about 39% of the patients who had an ECG at the first point of contact. This delay includes various factors including transportation time or time spent in cases of misinterpreted ECG. Use of telemedicine in the prehospital triage of STEMI patients has been shown to be associated with a reduced mean prehospital delay and lower patient mortality rates both in observational studies 21, 22 and in meta-analyses. 23 Thus, in consensus with international guidelines, the use of telemedicine is further recommended in the diagnosis and management of STEMI. 24 
Limitations
Our study was primarily conducted in the setting of a private health-care system, thus excluding patients dependent on public health care. Further studies are needed in the public sector to further ascertain overall population characteristics. Patients who received thrombolysis outside the study centers were excluded from the study and although every effort was made to interview patients soon after admission, data may have been affected by recall bias.
Conclusion
The results of this large multihospital study provide evidence that demographic and socioeconomic barriers exist that impede rapid care seeking. Old age, rural residence, and symptom misinterpretation resulted in a significant delay in reaching hospital, while ECG availability at the point of first contact resulted in less prehospital delay and earlier reperfusion. The present study highlights that there is an increasing need to educate the general public regarding symptoms of STEMI and increase the availability of ECG in remote areas for decreasing the prehospital delay. Our study also invites further research, regarding the role of telemedicine to triage patients derived from prehospital ECGs to further decrease prehospital delay.
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